The health risks of coastal areas have long been researched, but the potential benefits for health are only recently being explored. The present study compared the general health of Belgian citizens a) according to the EU's definition of coastal (< 50 km) vs. inland (> 50 km), and b) between eight more refined categories of residential proximity to the coast (< 5 km to > 250 km). Data was drawn from the Belgian Health Interview Survey (n = 60,939) and investigated using linear regression models and mediation analyses on several hypothesized mechanisms. Results indicated that populations living < 5 km of the coast reported better general health than populations living at > 50-100 km. Four commonly hypothesized mechanisms were considered but no indirect associations were found: scores for mental health, physical activity levels and social contacts were not higher at 0-5 km from the coast, and air pollution (PM 10 concentrations) was lower at 0-5 km from the coast but not statistically associated with better health. Results are controlled for typical variables such as age, sex, income, neighbourhood levels of green and freshwater blue space, etc. The spatial urban-rural-nature mosaic at the Belgian coast and alternative explanations are discussed. The positive associations between the ocean and human health observed in this study encourage policy makers to manage coastal areas sustainably to maintain associated public health benefits into the future.
Introduction
Coastal regions are defined in the EU as within 50 km of the coast, and account for 40% of the European land area and population (Eurostat, 2013) . Public health research related to the marine ecosystem has traditionally focused on reducing impacts by natural hazards and risks, and on improving human health by the maximal exploitation of goods and services such as seafood and novel pharmaceuticals (European Marine Board, 2013) . It has long been acknowledged that exposure to marine and coastal environments may also improve health (Charlier and Chaineux, 2009 ). Systematic research into such benefits within the last decade has begun to discover the diverse role of coastal environments as an accessible public health resource (Cracknell, 2019; Gascon et al., 2017) . While most literature has focused on exposure to the sea or beach specifically, the coast in general (including both urban and natural areas) also provides health benefits . Coasts are often diverse and consist of a mosaic of urban towns, cities and harbours interspersed by rural and more natural beaches and dunes. Early work in England and Ireland suggested that populations living in proximity to the coast in general reported better general health and well-being compared to those living inland (Brereton et al., 2008; Wheeler et al., 2012; White et al., 2013a) .
This study investigates the link between general health and residential proximity to the coast, and additionally aims to identify the mechanisms underlying that relationship. Four likely mechanisms have been proposed to explain the health benefits from living in proximity to the coast, which are similar to those discussed for the relationships between health and residential green space exposure (e.g. to parks and https://doi.org/10. 1016 /j.envres.2020 .109225 Received 19 September 2019  Received in revised form 27 January 2020; Accepted 3 February 2020 forests) (Gascon et al., , 2015 Kabisch et al., 2015; Lahart et al., 2019; Maas et al., 2009 Maas et al., , 2006 Markevych et al., 2017; Nieuwenhuijsen et al., 2017; Van Aart et al., 2018; Völker and Kistemann, 2015; White et al., 2016b) . First, characteristics of coastal environments may divert attention from everyday routines and demands, consequently restoring those psychological resources that facilitate the reduction of stress and support positive mental health Garrett et al., 2019a; Kaplan and Kaplan, 1989; White et al., 2010 White et al., , 2013b White et al., , 2013a . Psychological benefits, such as reduced depression, can even be obtained from having a view of water from the residence (Dempsey et al., 2018; Garrett et al., 2019b; Nutsford et al., 2016; Peng and Yamashita, 2016) , or by looking at marine wildlife (Cracknell et al., , 2016 2018; White et al., 2017) . Second, coastal environments may support health by promoting walking and other physical activities (Elliott et al., 2018 (Elliott et al., , 2015 Kerr et al., 2014) . As such, a person is more likely to attain healthy levels of overall physical activity (Bauman et al., 1999; Pasanen et al., 2019; White et al., 2014) . Increased coastal physical activity can manifest in for example less childhood obesity (Wood et al., 2016) and slower decline in muscular strength among older adults (de Keijzer et al., 2019) . Third, the positive social ambience in coastal environments may improve health by reinforcing positive interactions between individuals (Bell et al., 2015; Dzhambov et al., 2018; Hartig et al., 2014) . Qualitative research, for instance, has demonstrated that children enjoyed family interactions most when visiting the beach compared to other (semi-) natural environments (Ashbullby et al., 2013) . Finally, the relative absence of traffic and industry at sea compared to on land may result in distinct physiochemical characteristics in proximity to the coast, such as reduced air pollution. People have been using the health-enhancing properties of coastal air since the nineteenth century (Charlier and Chaineux, 2009; Pirlet, 2016; Verkest, 1898) . However, much less researched to date are the public health benefits that can be obtained from reduced air pollution in coastal environments (e.g. Prüss-Ustün et al., 2016; Davidson et al., 2005; Lu et al., 2015; Pope and Dockery, 2006; Pope, 2002) .
Despite the growing amount of health promoting effects described in literature, evidence which links general health with residential proximity to the coast is still mixed and originates from only a couple of countries such as the United Kingdom . Moreover, studies which link this relationship with each of the four hypothesized mechanisms are scarce. So, the question remains if the described benefits and mechanisms can accumulate to a measurable increase in the general health of coastal populations across Europe. Therefore, this paper addresses these knowledge gaps with a twofold aim. First, this study explores whether positive relationships between general health and residential proximity to the coast exist in Belgium. Since no comparable research has been carried out in Belgium, we addressed the health-residential proximity relationship at two different spatial scales: one comparison is based on the EU definition of 'coastal' (< 50 km vs. > 50 km) and is contrasted against a more nuanced delineation (i.e. 0-5 km, > 5-20 km, > 20-50 km, > 50-100 km, > 100-150 km, > 150-200 km, > 200-250 km and > 250 km), similar to that used in previous research (Wheeler et al., 2012; White et al., 2013a) . The second aim explores if any of the four hypothesized mechanisms account for the association between residential proximity to the coast and the general health of Belgian citizens. The mediation effects of specifically mental health, physical activity, social interactions and air pollution are tackled.
Materials and methods

Data
Health interview survey
Repeat cross-sectional survey data from the Belgian Health Interview Survey (HIS, N = 60,939, obtained through Sciensano in accordance with privacy regulations) were used to test both hypotheses.
The HIS is a large national survey that collects data on demography (e.g. residence location, education and employment), health and wellbeing (e.g. perceived general health, long term diseases and limitations, pain, mental health and indices of quality of life) and other issues related to health behaviour and lifestyle, the use of health care and social services, physical activities, and social contacts. It has been administered in 1997 (n = 10,786), 2001 (n = 12,770), 2004 (n = 13,831), 2008 (n = 11,938) and 2013 (n = 11,614) through written and oral questionnaires (still ongoing), using a stratified and multistage-clustered design. Respondents were stratified at the province level, and clustered at the municipality level and household level. Each year, a minimum of 3500 participants from the Flemish and Walloon regions, and 3000 participants from the Brussels region, were randomly selected based on their social number. The potential presence of a participation bias was acknowledged, and overcome by weighting each sampled individual based on age, sex, and household size to be representative of the population in the province of residence.
General health
The outcome variable in this study concerns self-reported general health. This was derived from the question: "How is your health state in general?" Five possible answers ranged from 'very bad' (scored 1) to 'very good' (scored 5). This single item is one that is among the three variables forming the Minimum European Health Module, which was designed to allow comparable calculations of health expectancies across Europe (Robine et al., 2003) , and is the same one as used in the European Health Interview Survey. General health was assessed in all waves throughout the study period (i.e. 1997, 2001, 2004, 2008, and 2013) and only administered to respondents aged 15 years and older.
Residential proximity to the coast
Residential proximity to the coast has been associated with a variety of health outcomes, such as physical activity, mental and general health (Pasanen et al., 2019; White et al., 2014 White et al., , 2013a . Residential proximity to the coast in this study was calculated as the distance travelled using the fastest driving route from the geographical centre of the residential municipality to the nearest point at the Belgian coast (extended up to Breskens in The Netherlands, marking the boundary with the Western Scheldt estuary, Fig. 1 ). To do so, the OpenStreetMap road network (OpenStreetMap contributors, 2018) and Eurostat coastline data (Nomenclature of Territorial Units for Statistics (NUTS), 2013) were combined in QuantumGIS 3.2.2 to generate a dataset of coastal destination points. Afterwards, the distance corresponding with the fastest driving route from the municipality centres to these points were calculated using the ArcGIS Pro 2.2.0 Network Analyst extension. Fig. 1 illustrates the modelled origins, destinations, and fastest travel routes between them. On this map, it is clearly visible that most of the fastest travel routes involve the same highways through the country. In contrast with Euclidean distances as were used in previous studies (Brereton et al., 2008; Wheeler et al., 2012; White et al., 2013a) , it is assumed that these fastest travel routes are a good reflection of the real travel behaviour of Belgian citizens. Fig. 1 also illustrates that the GIS model predicts only a few accessible routes when nearing the Belgian coast. It should be emphasized that Belgian citizens are likely to deviate from these routes when nearing the coast to reach more remote areas along the coastline, such as dunes, smaller coastal towns, parking lots, etc. This geographical nuance near the Belgian coast has to be taken into account when interpreting Fig. 1 and the results.
Residential proximity to the coast was then categorized in two ways. The first approach was based on the simple EU Nomenclature of territorial units for statistics (NUTS) definition NUTS3 (European Commission, 2003) . This compared the general health of Belgian residents living in 'inland' areas (i.e. > 50 km = ref) to the general health of people living in 'coastal' areas (i.e. < 50 km). The second approach was more nuanced, where the general health of residents was compared between eight populations living at finer gradation of coastal A. Hooyberg, et al. Environmental Research 184 (2020) The eight categories in this study as such allow comparison with this previous body of work, adjusted for the different geography of Belgium. The reference category in the second approach was defined at > 50-100 km because (1) this group makes the results most comparable to previous research in England, (2) this group is among the groups that contain the most amount of data, and (3) this group is among the groups that are most representative for the entire country, and does not contain the rather 'remote' populations at the coast or in the Ardennes areas or disproportionally densely populated areas in and around the capital Brussels.
Covariates
Factors that can covary with general health and residential proximity to the coast were also included in all analyses. Based on expert knowledge and knowledge from literature (Dormann et al., 2013; Wheeler et al., 2012; White et al., 2013a) , twelve potential confounding factors were selected a priori. The first set of potential confounders originated from the HIS (urban = ref, sub-urban, rural) . The year (1997, 2001, 2004 = ref, 2008, 2013) and season (winter = ref, spring, summer, fall) were also included as potential covariates.
The distinct geographical landscape of Belgium, with for example more forested areas in the southeast (far from the coast), was also considered in the analyses, because an emerging literature is showing (1997, 2001, 2004, 2008 and 2013) throughout the study period, and the corresponding fastest driving route (blue lines, legend) to the nearest point at the coast (orange dots, legend). The corresponding distances are categorized as coastal or inland (black line, legend) by the EU NUTS3 definition, or in eight nuanced populations with different residential proximity to the coast (red lines and numbers, legend). (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.) that green space or blue space in the neighbourhood can influence selfreported general health (Dzhambov et al., 2018; Gascon et al., 2017; Maas et al., 2006) . Accordingly, environmental information from Statbel (2019) was used to complement the first set of covariates with the amount of green space and freshwater blue space in the municipality. The green space ratio (0-10%, > 10-20%, > 20-30% = ref, …, > 80-90%, > 90-100%) was calculated as the percentage of green outdoor surface area selected from a list of land uses as defined in the municipality cadastre, i.e. grasslands, gardens and parks, forests, savage grounds/disused areas, recreational areas and areas for sports (built areas, roads and agricultural land were not included). Similarly, the freshwater blue space ratio (0-0.25% = ref, > 0.25-0.5%, > 0.5-0.75%, …, > 1.75-2%, > 2%) was derived from the amount of cadastrated freshwater surface in the municipality, including rivers, lakes, ponds, canals, etc. (not the sea).
A prerequisite to act as covariate is that the abovementioned variables change with proximity to the coast. Sex and season were similar across the study area, and were consequently excluded from further analysis ( Fig. S3) . A description of all variables considered in this study is available in Table S1 .
Hypothesized mechanisms
The hypothesized mechanistic effects of mental health, physical activity, social interactions, and air pollution were also investigated. Mental health was investigated by consulting the General Health Questionnaire (GHQ-12) score, which was also embedded in the HIS, and which measures psychological distress (Goldberg, 1972) . This score is calculated on the basis of twelve questions related to for example being able to concentrate, feelings of worry, self-confidence and happiness. Answers were 'More so than usual', 'Same as usual', 'Less than usual', or 'Much less than usual'. Each answer was coded with a value of 0 (no mental distress) or 1 (mental distress) and summed to an overall (reversed) score of mental health, ranging from 0 (worst mental health) to 12 (best mental health).
Mean health-enhancing energy expenditure linked to physical activity per week was used as a proxy for the level of physical activity, and was also queried through the HIS. This score is based on the International Physical Activity Questionnaire (IPAQ, Craig et al., 2003) and uses energy requirements defined in METs (multiples of the resting metabolic rate) in combination with the time that is spent walking (3.3 METs), performing moderate intensity activities (4.0 METs, e.g. cycling) and vigorous intensity activities (8.0 METs, e.g. running), to calculate a final score in METs per minute (per week).
The quality of social interactions was operationalized by asking participants to rate their appreciation of social interactions as 'really satisfying' (scored 3), 'rather satisfying' (scored 2), 'rather unsatisfying' (scored 1) or 'really unsatisfying' (scored 0), henceforth referred to as 'social appreciation'. Numerical scores were used during the data analyses.
Finally, air pollution levels were assessed using data from the Belgian Interregional Environment Agency (CELINE, 2019) on the annual mean PM 10 concentration (μg/m³) per municipality. These means per municipality are obtained from interpolated concentrations that are based on several measurement stations all over Belgium. The annual mean PM 10 concentrations per municipality are considered to be representative for how much each participant was exposed to air pollution in and around his/her residence. Particulate matter correlates well with other anthropogenic air pollutants such as SO 2 and O 3 in Belgian households (Stranger et al., 2009 ).
Analyses
The first aim of this study tackled general health in relation to residential proximity to the coast by formulating linear regression models in R (R Core Team, 2018). General health was treated as a numerical scale, as was also done in White et al. (2013a) , and because it makes little difference whether analyses assume a linear or ordinal structure for such kinds of measures with limited scores (Ferrer-i-Carbonell and Frijters, 2004). During modelling, the survey design in terms of weights, stratification and clustering was taken into account using the R package 'survey' (Lumley, 2017 (Lumley, , 2004 . The association between health outcomes and residential proximity to the coast was evaluated by two models, one using the EU NUTS3 definition of 'coastal', and one using eight categories of residential proximity to the coast. In both models, residential proximity to the coast was the main predictor. Then, covariates were added one after the other using a forward selection procedure, in which the covariate that resulted in the highest reduction in Akaike Information Criterion (AIC, lower values indicate a better balance between model fit and model complexity; Zuur et al., 2009 ) was added next. As such, only variables which explained sufficient information were included. Models were based on respondent data for which no missing values were present for all the variables in the model. Described model coefficients represent the predicted deviation in the response (i.e. general health) for a category level change from the reference level in the specific predictor, given that all other predictors are held constant. A significance level of 5% was adopted using p-value estimation.
The second aim of this study was to explore the mediating effect of the hypothesized mechanisms, i.e. mental health, physical activity, social appreciation and air pollution. The hypothesized mechanisms are primarily relevant for dwellers relatively close to the coast, so these analyses contrasted only the population living at 0-5 km compared all populations living beyond 5 km from the coast. Mediation effects were quantified by formulating several linear regression models to calculate the total effect, direct effects and indirect effects (Preacher, 2015) . These models controlled for the same covariates and used the same forward selection procedure based on the highest reduction in AIC as in the first part of this study. Then, as endorsed by MacKinnon et al. (2004) and Preacher (2015) , sample distributions of total, direct and indirect effects were generated by bootstrapping with 16,000 random subsamples of the data. In a final stage, percentile 95% confidence intervals were calculated from these distributions to assess deviation from zero and significance. Fig. 2 demonstrates the conceptual diagram underlying these mediation models. Indirect effects were used to determine if mediation occurred or not, and the values for path a and path b were used to explain the nature of the mechanistic relationship.
Results
General health -residential proximity to the coast
Self-reported general health was not associated with residential proximity to the coast for Belgian citizens when comparing coastal vs. inland areas. Populations living within 50 km from the coast reported similar general health as those living beyond 50 km from the coast (B = 0.043, 95% CI = -0.022 -0.108) (Table 1 ). In contrast, the more nuanced analysis with eight categories of residential proximity to the coast revealed that self-reported general health was positively A. Hooyberg, et al. Environmental Research 184 (2020) 109225 associated with residential proximity to the coast. Specifically, populations living within 5 km from the coast reported better general health compared to populations living between 50 and 100 km from the coast (B = 0.13, 95% CI = 0.003 -0.26). Other populations in Belgium who lived further than 5 km from the coast reported similar general health (Table 1 ). In both categorical approaches, results were standardized for 7 covariates, which varied with proximity to the coast, i.e. age, having a chronic disease, BMI, employment status, income, smoking status and year (Fig. S4) . Unfortunately, each of these variables contained some missing values, and the inclusion of these variables resulted in a substantial data-reduction from 60,939 records to 23,624 records for the modelled health-proximity to the coast relationship. The data-reduction per variable can be consulted in the Supplementary files (Table S1 ). The reduction of data in the models was irrespective of age, gender ratio, having a chronic disease, BMI, employment, income, smoking ratio, Table 1 Results of the linear regression analyses from two models testing the relation between general health and residential proximity to the coast. A first model compared the general health of inland and coastal populations using the 50 km boundary from the EU NUTS3 definition (column 'Coastal vs. Inland'), another model compared the general health among eight categories of proximity to the coast (column 'Eight categories'). Coefficients for the covariates are also reported. Significance codes for p-values: *: < 0.05, **: < 0.01, ***: < 0.001. A. Hooyberg, et al. Environmental Research 184 (2020) 109225 urbanization ratio, and neighbourhood green space and blue space (Fig.  S3 , Table S2 ). Note that the urbanization level, green space ratio and blue space ratio were not included in both models, due to insufficient contribution to AIC.
Mediation by hypothesized mechanisms
Mediation analyses using bootstrapped confidence intervals could not reveal that any of the hypothesized mechanisms included in this study accounted for the relationship between general health and Fig. 3 . Results of the indirect effect (a*b), direct effect (c') and total effect (c) calculation from the mediation analyses. Each arrow represents a linear regression model with predictor at the base of the arrow and outcome at the arrowhead. The letters a, b, c, and c' indicate regression coefficients and represent either the slope (in the case of a continuous predictor, so for b) or difference (in the case of a categorical predictor, so for a, c and c') in the response. A. Hooyberg, et al. Environmental Research 184 (2020) 109225 residential proximity to the coast (Fig. 3) . More specifically, scores for the mental health, physical activity and social appreciation were similar when comparing populations living within 5 km and beyond 5 km from the coast (Fig. 3) . For example, scores for mental health (GHQ-12) were scaled continuously from 0 to 12, and were on average 0.235 points (a, 95% CI = -0.192 -0.620, i.e. not significant) higher in the 0-5 km group compared to the reference at > 5 km from the coast (similar interpretation for physical activity and social appreciation). Hence, no significant indirect effects related to these three factors were observed (Fig. 3) . Nevertheless, general health was positively associated with better mental health, higher levels of physical activity and better social appreciation (Fig. 3) . For example, when mental health was regressed against general health and bootstrapped multiple times, the mean slope coefficient was 0.081 (b, 95% CI = 0.075 -0.087]). This positive and significant slope indicates that higher values of mental health were associated with higher values for general health (similarly for physical activity and social appreciation, Fig. 3) .
The results for air pollution were different. There was significantly less air pollution within 5 km from the coast compared to all municipalities beyond 5 km from the coast (a = -4.239, 95% CI = -5.104 --3.393], units in μg/m³). However, no significant impact of air pollution on the self-reported general health could be detected (b = 0.003, 95% CI = -0.001 -0.007). This resulted in the absence of mediation by air pollution (Fig. 3) .
Results on these mediation pathways were standardized for the same 7 covariates as in the analysis for the health-proximity to the coast relationship. There was an additional data-reduction during the mediation analyses down to 15,418 records, since incomplete data on the four hypothesized mechanisms (i.e. mental health, physical activity, social appreciation and air pollution) also had to be included in the models.
Discussion
This study provides evidence that living at the coast is positively associated with general health in Belgium. Using data from the Belgian Health Interview Survey, this study found that people residing at less than 5 km from the Belgian coast report better health compared to citizens from further inland. These results are analogous to the results from a cross sectional study from England. More specifically, Wheeler et al. (2012) reported increased self-reported 'good' health in urban areas at 0-5 km from the coast compared to inland urban areas (> 50 km). A subsequent analysis on longitudinal data from the same individuals over time, found that people's health tended to be slightly better in years when they lived nearer the coast (0-5 km) when contrasted to those living further inland (> 5-50 km, White et al., 2013a) . Thus, this study strengthens the current evidence that living nearer the coast is associated with better health, by revealing new evidence in the different national context of Belgium.
Scientists have been proposing several mechanisms to explain why people living near the coast report better health and wellbeing. This study assessed the four most commonly hypothesized mechanisms to explain better health in coastal areas, i.e. less stress and better mental health (Dempsey et al., 2018; Garrett et al., 2019b; Nutsford et al., 2016) , more physical activity (Elliott et al., 2018 (Elliott et al., , 2015 White et al., 2014) , better appreciation of social interactions (Bell et al., 2015; Dzhambov et al., 2018) and better environmental quality such as less air pollution (Ashbullby et al., 2013; Bell et al., 2015; Davidson et al., 2005; Dempsey et al., 2018; Elliott et al., 2018; Kerr et al., 2014; Pasanen et al., 2019; Pope and Dockery, 2006; Prüss-Ustün et al., 2017; White et al., 2013b) . However, this study found no evidence that any of the above-stated mechanisms accounted for the relationship between health and residential proximity to the coast for Belgian citizens. No such indirect effects were observed because the scores for mental health, physical activity and social appreciation were similar for people living within and beyond 5 km from the coast. This contrasts with the findings from literature from other countries (Ashbullby et al., 2013; Bell et al., 2015; Dempsey et al., 2018; Elliott et al., 2018; Kerr et al., 2014; Pasanen et al., 2019; White et al., 2013b) . It is argued that the unexpected absence of any mediation effects in this study may be the result of the spatial heterogeneous character of the Belgian coast. The abovementioned cited literature mostly focused on the effects of exposure to beaches or seeing the seawater per se (e.g. Ashbullby et al., 2013; Dempsey et al., 2018) . However, the Belgian coast displays a mosaic pattern of urban, rural, and natural areas, similar as other coastlines in Europe. As such, the health benefits from the sea per se can become obscured by being exposed to other types of environments. In Belgium for example, sandy beaches co-occur next to dunes, agricultural land and nature parks, which are hypothesized to have positive impacts on the mental health, physical activity and social interactions. In contrast, coastal towns, cities and harbours are hypothesized to have negative impacts on these mechanisms. It remains to be investigated how exposure to a combination of such different coastal environments on a small spatial scale can impact the mental health and the physical and social activities performed around the residence, and how such processes may have resulted in the observed better overall health at the Belgian coast.
Regarding air pollution, this study found lower PM 10 concentrations within 5 km from the coast compared to the average concentrations in other parts of Belgium. Very few modern studies compared levels of air pollution between coastal and inland areas, but our results for example resemble the lower PM 10 concentrations found in coastal zones of California compared to inland areas of California (Kim et al., 2000) . The results of this study are also consistent with the well-established historical belief that coastal air is healthier than inland air (Charlier and Chaineux, 2009; Pirlet, 2016; Verkest, 1898) . Indeed, already since the mid-nineteenth century, the air in coastal areas was advertised to be health promoting by the still-famous Flemish writer, Hendrik Conscience (1861), for example. He wrote "the sea air is healthy and gives strength to ill persons" (translated from the original Dutch version) and his statements are known to have reached a wide public all over Belgium. Although this study did not provide evidence that reduced air pollution was responsible for the better health of Belgian coastal residents, it is generally accepted that polluted air negatively impacts public health by a range of adverse health outcomes, such as increased prevalence of cardiopulmonary conditions and subsequent mortality (Pope and Dockery, 2006; Pope, 2002) . An important nuance that has to be made here is that the absence of land is not the only factor which can influence the air quality in coastal areas. Marine traffic (e.g. in harbours) and harmful algal blooms can for example also impact the healthiness of the air with measurable differences in coastal areas (Fleming et al., 2011; Van Acker et al., 2020; Viana et al., 2014) .
None of the hypothesized mechanisms were shown to account for the health benefits at the Belgian coast. Systematic reviews also suggests that mechanistic relations between health and natural environments are entangled and yet unclear (Dzhambov et al., 2018; Gascon et al., 2017) . It is also likely that several mechanisms interact and have additive and/or synergistic effects on overall health. Therefore, we argue that a more thorough investigation of these hypothesized mechanisms is needed to unravel which mixture of factors is actually driving better health in coastal populations, while taking into account the heterogeneity of coastal areas. We encourage that recent related studies investigated the health inequalities among populations with different socio-economic indices (Boyd et al., 2018; Clitherow et al., 2019) . However, the observed better general health in coastal areas in this study persisted even after standardising for a whole range of socioeconomic, demographic and lifestyle factors. Therefore, we argue that also relatively unexplored plausible pathways should be considered as well, for example (1) the potential presence of biogenic compounds in coastal sea spray which can inhibit molecular pathways that are linked to cancer and high levels of cholesterol (Asselman et al., 2019) ; and (2) the consumption of seafood, for example as promoted by the numerous A. Hooyberg, et al. Environmental Research 184 (2020) 109225 coastal town restaurants, which may impact health in multiple ways (McManus et al., 2011) . Furthermore, scientists still don't know how to isolate the amount of health benefits that are derived from the sea per se. To unravel these marine influences from other factors which can influence health, future research should try to encompass all environmental exposures, i.e. those that complement the universal genomic differences between individuals ('exposome', Miller, 2014; Vrijheid, 2014; Wild, 2012) . If one wants to incorporate this exposome paradigm in coastal and other exposure assessments, researchers will need to integrate interdisciplinary innovation-driven research into the existing traditional methods. This paper provides positive associations between the ocean and human health, and calls to policy makers to assure the coastal salutogenic resources in the future for continued public use. We encourage policy-makers to consider the health benefits that are associated with living near the coast. However, policy-makers should take into account the accessibility of these benefits for all socio-economic classes in society. Research learns us for example that seeing the sea can be especially relevant for coastal residents (Dempsey et al., 2018; Nutsford et al., 2016) , but that for example having a sea-view is also reflected in real estate prices (Lange and Schaeffer, 2001) . As such, this study answers and contributes to the call for action for sustainable use of our ocean, seas and marine resources for sustainable development UN Secretary General, 2017) . In this respect, linking Sustainable Development Goal (SDG) 3 on human health with SDG 14 on the ocean and marine resources will require joint effort and collaboration of environmental researchers and clinicians . Targeting specific health outcomes that can be translated in monetary values will be most relevant for the landscape decisionmaking processes (e.g. physical activity and quality-adjusted life years -QALYs in Papathanasopoulou et al., 2016; White et al., 2016a) .
Limitations
This study's findings are based on large representative samples of the Belgian population over several years and robust methods were used not only to test the direct association between general health and residential proximity to the coast, but also to explore the mediation effects by hypothesized mechanisms. This study additionally included a lot of demographic, health behaviour, lifestyle, and environmental covariates, many of which were not included in similar previous research. This resulted in substantial data reduction, which was not age, sex or income specific. This study did not incorporate data on the frequency and type of coastal visits to assess intentional contact with the coast. Such visit data could have provided additional information that could potentially explain the absence of any of the mediation effects, and may have provided useful suggestions for other mechanisms at play. Additionnally, the present study did not test for the combined effects of multiple hypothesized mechanisms. Doing so may be possible using emerging pan-European survey evidence of the effect of blue spaces on public health (i.e. from the H2020 BlueHealth project, Grellier et al. (2017) ). Finally, the ability to draw conclusions is still limited by the repeat cross-sectional design of the survey. For example, it is not possible to exclude potential selection effects which may have arisen because more healthy (and more wealthy) people tend to choose to live in coastal areas ('healthy migrant effect', Wheeler et al., 2012) .
Conclusion
In conclusion, by analysing a cross-sectional national health survey of the Belgian population, this study found that living in proximity to the coast is associated with better general health. People who reside at the coast (i.e. at 0-5 km) reported better general health, but this was not mediated by mental health, physical activity, appreciation of social interactions or air pollution. The absence of any mediation effects may be caused by the spatial heterogeneity of the Belgian coast, or the presence of alternative unexplored mechanisms. The positive associations between the ocean and human health observed in this study encourage policy makers to manage coastal seas sustainably to maintain continued public use of its salutogenic resources throughout the future.
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